H10-142616.doc -1 -

JP-06-051256E
{Title of the Invention] LIQUID CRYSTAL INJECTING METHOD

AND LIQUID DISPENSER
[Abstract]

[Object] To provide a liquid crystal injecting method by
which liquid crystal can be injected into a liquid crystal
cell with little loss in a short time, and to provide a
pressure dropping type liquid dispenser based on inert gas
introduction by which liquid crystal can be injected with
high precision in a vacuumed atmosphere, in an atmospheric
pressure atmosphere or in a pressurized atmosphere.

[Solving Means] A liquid crystal cell 21, in which an
injection port 22 for injecting liquid crystal B is disposed
at the upper side, is held in a vacuum chamber 25 under a
vacuumed atmosphere. Using a liquid dispenser A which is
arranged in the vacuum chamber 25 and can drop a
predetermined quantity of liquid crystal B in a controlled
condition, inert gas is fed into a dispenser main body 1
from an inert gaé introducing‘tube 4 arranged above the
'liquid dispenser A while a pressure condition of the vacuum
chamber 25 and a pressure condition of the liquid dispenser
A are regulated, so that the inside of the liquid dispenser
A is pressurized and the liquid crystal B filled in a liquid
sump part 7 is injected by a predetermined quantity into a

liquid crystal injection part 23 in the liquid crystal cell
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21 from the injecting port 22.

[Claims]
{Claim 1] A
liguid crystal
" substrates are
injection port
the upper side

atmosphere,

is injected to

liduid crystal injecting method, wherein a
cell in which the ends of two liquid crystal
sealed by a sealing material and at least one
for injecting liquid crystal is arranged on

is held in a vacuum chamber under a vacuumed

and a predetermined quantity of liquid crystal

the liquid crystal injection part under the

atmospheric pressure atmosphere using a liquid dispenser

which is disposed in the vacuum chamber,

liquid crystal,
thereof to the
or pressurized
liquid crystal

[Claim 2] A
liquid crystal

substrates are

injection port

is filled with the
and has a tool for adjusting the inside

vacuum state, the atmospheric pressure state,

state and a small tube for dropping the

at the lower side thereof.

liquid crystal injecting method, wherein a

cell in which the ends of two liquid crystal

sealed by a sealing material and at least one

for injecting liquid crystai is arranged on

the upper and lower sides is held in a vacuum chamber under

a vacuumed atmosphere, and a predetermined quantity of

liquid crystal

is simultaneously injected from the upper and

lower injecting ports under the atmospheric pressure

atmosphere using a liquid crystal container which is

disposed in a vacuum chamber and is filled with the liquid
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crystal or a liquid crystal container which is connected to
a dispenser for refilling the liquid crystal and a liquid
dispenser which is disposed in the vacuum chamber, is filled
with the liquid crystal, and has a tool for adjusting the
inside thereof to the vacuum state, the atmospheric pressure
state, or pressurized state and a small tube for dropping
the liquid crystal at the lower side thereof, the liquid
crystal is injected from the upper injecting port by a
dropping method using the liquid dispenser and is injected
from the lower injecting port by a contact method using the
-liquid crystal container.

{Claim 3] A liquid crystal injecting method, wherein a
liquid crystal cell in which the ends of two liquid crystal
substrate are sealed by a sealing material and at least one
injection port for injecting liquid crystal is arranged on
the upper and lower sides, a liquid dispenser which is
filled with the liquid crystal, and has a tool for adjusting
the inside thereof to the vacuum state, the atmospheric
pressure state, or pressurized state and a small tube for
dropping the liquid crystal at the lower side thereof, and é
~liquid cfystal container which is filled with the liquid
crystal and a liquid crystal container which is connected to
a dispenser for refilling the liquid crystal are disposed
separate vacuum chambers connected to one another by gate

valves, respectively, the vacuum chambers are vacuumized and
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the liquid dispenser and the liquid crystal container are
moved to the vacuum chamber in which the liquid crystal cell
is disposed to contact with the injecting ports of the
liquid crystal cell by opening the gate valve, the liquid
crystal is injected from the upper injecting port by a
dropping method using the liquid dispenser which can
discharge a predetermined quantity of liquid crystal under
the atmospheric pressure atmosphere and is injected from the
lower injecting port by a contact method using the liquid
crystal container.

[Claim 4] A liquid dispenser comprising a dispenser main
body having a liquid sump part for storing liquid and a
small-tube-shaped discharging part disposed below the liquid
sump part, and upper and lower caps for hermetically sealing
the dispenser main body, wherein the cap engaged with the
upper side of the dispenser main body is provided with an
inert gas introducing tube connected to the upper side of
the dispenser main body, the cap engaged.with the lower side
of the dispenser main body is provided with a small tube for
discharging the liqﬁid which can be cohnected to the small-
tube-shaped discharging part of the dispenser main body, a
tool for vacuumizing the inside of the dispenser, a tool for
equalizing the pressure of the dispenser and the pressure of
the vacuum chamber, and a tool for pressurizing the inside

of the dispenser with inert gas are provided, and a fixed
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quantity of the liquid crystal filled in the liquid sump
part is dropped from the small tube for discharging the
liquid.

{Claim 5] The liquid dispenser according to Claim 4,
wherein the front end of the small tube for discharging the
liquid is divided into branch small tubes.

[Claim 6] The liquid dispenser according to Claim 4,
wherein the front end of the small tube for discharging the
liquid is provided with a guide having a porous bottom or a
net—shaped bottom which can drop the liquid crystal with a
width equal to or greater than that of an injecting port of
a liquid crystal cell.

[Claim 7] The liquid dispenser according to Claim 4,
wherein the front end of the small tube for discharging the
liquid is provided with a fan-shaped flat tube having a
porous bottom or a net-shaped bottom which can drop the
liquid crystal with a width equal to or greater than that of
an injécting port of a liquid crystal cell.

[Claim 8] Thé liquid dispenser according to Cléim 4,
wherein the liquid dispenser can drop a predetermined
quantity of liquid crystal.to a liquid crystal injection
part by controlling the dropping quantity using an optical
sensor mounted at ‘a middle location of the small tube of the
dispenser and an injecting port of a liquid crystal cell,

when dropping the liquid crystal of the liquid crystal sump
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part by gas pressurization due to the inert gas introduction.
[Detailed Description of the Invention]
[0001]
[Technical Field of the Invention]

The present invention relates to a method of injecting
liquid crystal into a liquid crystal cell in a method of
producing a liquid crystal display and a liquid dispenser
which can efficiently inject the liquid crystal.

[0002]

[Deséription of the Related Art]

Conventionally, a method of injecting liquid crystal
into a liquid crystal cell inciudes the steps of adhering
sealing resin on two glass substrates having function layers
such as pattern-shaped transparent electrodes, color filters,
and alignment layers formed thereon so that an injecting
port for injecting the liquid crystal is disposed at one
side to form a liquid crystal cell, introducing the liquid
crystal cell into a.vacuum chamber having.a liquid crystal
container containing the-liquid crystal in a vacuum |
atmosphére, contacting the injecting port of the liquid
crystal cell with the liquid crystal, and returning the
vacuum atmosphere to an atmospheric pressure atmosphere to
inject the liquid crystal into the liquid crystal cell using
a pressure difference between the inside and the outside of

the liquid crystal cell and a capillary phenomenon.
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[0003]

A method of contacting the injecting port of the liquid
crystal cell with the liquid crystal includes an immersing
method of immersing an injecting port 62 of a liquid crystal
cell 61 in a liquid crystal container 66 containing liquid
crystal 65 as shown in Fig. 12(a) and a contact method such
as -a yarn method of mounting a string-shaped body 67 in the
liquid crystal container 66 and contacting only the
injecting port 62 with the string-shaped body 67 without
immersing the entire section of the liquid crystal cell to
inject the liquid crystal into the liquid crystal cell as
shown in Fig. 12(b).

[0004]

However, in case of the immersing method, since the
injecting port 62 of the liquid crystal cell 61 as well as
the entire section of the liquid crystal cell is immersed in
the liquid crystal 65 when injecting the liquid crystal, the
liquid crystal is edhered to the section of the liquid
erystal celi and thus the loss of.expensive liquid crystal
isvheavy. Further, since the section of the liquid crystal
cell is contaminated by the liquid crystal, the
characteristic of the liquid crystal is deteriorated.

[0005]

Furthermore, in case of yarn method, since the

injecting port contacts with the string-shaped body
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containing the liquid crystal, the loss or the contamination
of the liquid crystal is reduced compared with the immersing
method, but the structure of the liquid crystal container is
éomplicated.

[0006]

In order to solve the problem of the above-mentioned
contact method, a method of dropping the liquid crystal 65
to the injecting port 62 of the liquid crystal cell 61 by a
liquid dispenser 68 as shown in Fig. 12(c) has been
performed. However, most of the conventional 1liquid
dispenser discharges the liquid from a small tube by a fixed
quantity in the atmospheric préssure atmosphere. However,
if this dispenser is used in a vacuum atmosphere, foam is
generated in the dispenser and thus it is difficult to
discharge the liquid. Accordingly, the presént applicant
suggested a liquid dispenser which can drop the 1liquid
crystal by a fixed quantity in the wvacuum atmosphere
(Japanese Unexamined Patent Application Publication No. 5-

346561) .
[0007]
In order to simulténeously process a plurality of the
liquid crystal cells by the dropping method using the liquid
dispenser, the number of the drops per one dispenser which
is dropped in a unit time isAlimited. Accordingly, this

dispenser can be used only in a small-sized liquid crystal
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cell. Also, in case that the 1liquid crystal is injected
into a large-sized cell using this dispenser, the number of
the cells which can be-processed by one dispenser is reduced,
and, in case that the plurality of the liquid crystal cells
are simultaneously processed, a plurality of the dispensers
must be attached to the plurality of the liquid crystal
injecting apparatuées.

[0008]

[Problems to be Solved by the Invention]

Since the above-mentioned liquid dispenser has the
complicaﬁe structure and uses a vacuum stepping motor and a
motor controller for controlling the same, the producing
cbst increases and it is difficult to attach the plurality
of the dispensers to the apparatus for injecting the liquid
crystal into the large-sized cell.

[0009] |

Moreover, recently, as the size of the liquid crystal
cell has increased and the cell gap for injecting the liquid
crystal has been reduced, it take much time to inject the
liquid crystal using the above-mentioned contact method or
dropping method, and thus the liquid crystal injecting
process hampers the improvement of the productivity of the
liquid crystal cell. In order to solve this problem, a
method for widening the injecting port of the liquid crystal

cell was suggested. 1In this case, in the method of dropping



H10-142616.doc - - 10 -

the liquid crystal from the small tube such as a needle of
the dispenser drop by drop, foam may be generated in the
liquid crystal cell due to the lack of the dropping quantity
in an initial injecting step.

[0010]

In consideration of the above-mentioned problems, an
object of the present invention is to provide a liquid

crystal injecting method by which the liquid crystal can be

injected from the upper and lower injecting ports to shorten

the injecting time even in case of injecting the liquid
crystal into a large-sized cell or a cell having a small
cell gap, a liquid dispenser which can be pressurized by
inert gas such as nitrogen and can be practically used with
low cost. Also, another object of the present invention is
to stably inject the liquid crystal using a small number of
the dispensers in a short time by dividing the front end of
the liquid dispenser into a plurality of branch small tubes
or providing a guide having a porous bottom or a net-shaped
'bqttom on the front end of the liquid dispenser so that the
liquid crystal can be dropped with a width equal to or
greater than that of the injeéting port of the liquid
crystal cell even in case of a large-sized cell, a cell
having a small cell gap, or a liquid crystal cell having a
wide injecting port or a plurality of injecting ports.

[0011]
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(Means for Solving the Problems]

According to Claim 1, there is provided a liquid
crystal injecting method, wherein a liquid crystal cell in
which the ends of two liquid crystal substrates are sealed
by a sealing material and at least one injection port for
injecting liquid crystal is arranged on the upper side is
held in a vacuum chamber under a vacuumed atmosphere, and a
predetermined quantity of liquid crystal is injected to the
liquid crystal injection part under the atmospheric pressure
atmosphere using a liquid dispenser which is disposed in the
vacuum chamber, is filled with the liquid crystal, and has a
tool for adjusting the inside thereof to the vacuum state,
the atmospheric pressure state, or pressurized state and a

small tube for dropping the liquid crystal at the lower side

thereof.

[0012]

According to Claim 2, there is provided a liquid
crystal injecting method, wherein a liquid crystal cell in
whiéh the ends of_two liquid crystal substrates are sealed
by a sealing material and at least one injection pOrﬁ for
injecting liquid crystal is arranged on the upper and lowef
sides is held in a vacuum chamber under a vacuumed
atmosphere, and a predetermined quantity of liquid crystal
is simultaneously injected from the upper and lower

injecting ports under the atmospheric pressure atmosphere



H10-142616.doc - 12 -

using a liquid crystal container which is disposed in a
vacuum chamber and is filled with the liquid crystal or a
liquid crystal container which is connected to a dispenser
for refilling the liquid crystal and a liquid dispenser
which is disposed in the vacuum chamber, is filled with the
liquid crystal, and has a tool for adjusting the inside
thereof to the vacuum state,'the atmospheric pressure state,
or pressurized state and a small tube for dropping the
liquid crystal at the lower side thereof, the liquid crystal
is injected frbm the upper injecting port by a dropping
method using the liquid dispenser and is injected from the
lower injecting port by a contact method using the liquid
crystal container.

[0013]

According to Claim 3, there is a liquid crystal
injecting method, wherein a liquid crystal cell in which the
ends of two liquid crystal substrate are sealed by a sealing
material and at least one injection poft for injecting
.liquid crystal is arranged on the upper and lower sides, a
liﬁuid dispenser which is filled with the liquid crystal,
and has a tool for adjusting the inside thereof to the
vacuum state, the atmospheric pressure state, or pressurized
state and a small tube for dropping the liquid crystal at
the lower side thereof, and a liquid crystal container which

is filled with the liquid crystal and a liquid crystal
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container which is connected to a dispenser for refilling
the liquid crystal are disposed separate vacuum chambers
connected to one another by gate valves, respectively, the
vacuum chambers are vacuumized and the liquid dispenser and
the liquid crystal container are moved to the vacuum chamber
in which the liquid crystal cell is disposed to contact with
the injeCting ports of the liquid crystal cell by opening
the gate valve, the liquid crystal is injected from the
upper injecting port by a dropping method using the liquid
dispenser which can discharge a predetermined quantity of
iiquid crystal under the atmospheric pressure atmosphere and
is injected from the lower injecting port by a contact
method using the liquid crystal container.

[0014]

According to Claim 4, there is a liquid dispenser
comprising a dispenser main body having a liquid sump part
for storing liquid and a small-tube-shaped discharging part
disposed below the liquid sump part, and upper and lower
céps for hermetically sealing the dispenser main body,
wherein the cap engaged with the uppei side of the dispenser
mqin body isvprovided with an inert gas introducing tube
connected to the upper side of the dispenser main body, the
cap engaged with the lower side of the dispenser main body
is provided with a small tube for discharging the liquid

which can be connected to the small-tube-shaped discharging
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part of the dispenser main body, a tool for vacuumizing the.
inside of the dispenser, a tool for equalizing the pressure
of the dispenser and the pressure of the vacuum chamber, and
a tool for pressurizing the inside of the dispenser with
inert gas are provided, and a fixed quantity of the liquid
crystal filled in the liquid sump part is dropped from the
small tube for discharging the liquid.

[0015]

According to Claim 5, in the liquid dispenser according
to Claim 4, the front end of the small tube for discharging
the liquid is divided into branch small tubes. According to
Claims 6 and 7, in the liquid dispenser according to Claim 4,
wherein the front end of the small tube for discharging the
liquid is provided with a guide or a fan-shaped flat tubé
having a porous bottom or a net-shaped bottom which can diop
the liquid crystal with a width equal to or greater than
that of an injecting port of a liquid crystal cell.
According to Claim 8, in the liquid dispenser according to
Claim 4, wherein the liquid dispenser can drop a
'predétermined quantity of liquid crystal to a liquid crysfal‘
injection part by controlling the dropping quantity using an
optical sensor mounted at a middle location of the small
tube of the dispenser and an injecting port of a liquid
crystal cell, when dropping the liquid crystal of the liquid

crystal sump part by gas pressurization due to the inert gas
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introduction.

[0016]

According to the present invention, the liquid crystal
can be injected by a simple operation by using a liquid
dispenser which drops the liquid crystal filled in the
liquid sump part of the dispenser main part by the
pressﬁrization due to the inert gas. Also, according to the
present invention, the liquid crystal can be stably injected
from a plurality of the injecting ports using a small number
of the dispensers by dividing the small tube of the front
end of the liquid dispenser into the branch small tubes or
attaching the guide or the fan-shaped flat tube having the
porous or net-shaped bottom, even in case of a large-sized
cell, a cell having a small cell gap, or a liquid crystal
cell having a wide injecting port or a plurality of
injecting ports.

[0017]

[Description of the Embodiments]

Heréinaftér,-fhe present invention will be illustrated
with respect to the attached drawings. First, a liquid
dispenser according to the present invention will be
described. Fig. 1 is a side view of a liquid dispenser A
according to the present invention. Figs. 2(a) to 2(c) are
cross-sectional views of portions composing the liquid

dispenser. The liquid dispenser A includes a dispenser main
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body 1, an upper cap 2, and a lower cap 3. The upper cap 2
and the lower cap 3 are engaged with the dispenser main body
1. Reference numeral 4 denotes an inert gas introducing
tube engaged with the upper cap é and reference numeral 5
"denotes a small tube which is made of metal, is fixed to the
lower surface of the lower cap 3 by a small tube fixing part
6, and drops the liquid crystal of a liquid sump part 7.

{0018]

Referring to Fig. 2, the liquiq dispenser A will be
described in detail. The dispenser main body 1 shown in Fig.
2(b) has the liquid sump part 7 which is a cylindrical body
composed of 3-fluorocethylene and can be pressurized, and a
funnel-shaped discharging part 8 formed at the lower portion
thereof. Spiral grooves 9 and 10 are formed at the upper
side and the lower side of the outer periphery of the
cylindrical body and an O-shaped ring 11 is inserted into
the upper side of the cylindrical body.

{0019]

In the upper cap 2 shown in fig. 2(a),.the inert gas
- introducing tube 4 made'of stainless is adhered to the inner
surface of the upper cap 2 by an adhering part 13 so that it
is protruded to the upper side of the upper cap 2, and a
screw groove 12 which is engaged with a screw groove 9
formed at the upper side of the outer periphery of the

cylindrical body of the dispenser main body 1 is formed in
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the inner periphery of the upper cap 2. The upper cap 2 is
engaged with the dispenser main body 1 by screw-coupling the
screw grooves 9 and 12 to each other until the O-shaped ring
11 formed in the upper side of the cylindrical body contacts
with the adhering part 13 formed in the upper cap 2.

[0020]

Similarly, in the lower cap 3 shown in Fig. 2(c) to
which the small tube 5 is adhered at the center of the lower
surface thereof, a screw groove 14 is formed in the inner
periphery of the lower cap 3. By screw—-coupling the screw
groove 14 to the screw groove 10 formed at the lower side of
the outer periphery of the cylindrical body of the dispenser
main body 1, the lower cap 3 is engaged with the dispenser
main body 1. Thereby, the liquid dispenser A according to
the present invention is obtained.

[0021]

It is preferable that, after separating the upper cap 2
from the dispenser main body 1, the liquid crystal material
is filled in the liquid sump part of the dispenser A.
However, if necessary, an injecting tube .for the filling may
be attached to the upper side of the dispenéer or the gas
introducing tube 4 may be used as the injecting tube for the
filling. Further, the refilling of the liquid crystal into
the liquid crystal container is generally performed by a

needle after the injecting operation is completed. However,
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as Claims 2 and 3, in order to refill the liquid crystal in
the liquid crystal container, a dispenser in which the
liquid crystal is filled is connected to the liduid crystal
container in the vacuum chamber.

[0022]

Next, a liquid crystal injecting method according to
the present invention using the liquid dispenser will be
described. Fig. 3 shows a liquid crystal injecting device
for performing a liquid crystal injecting method according
to a first embodiment of the present invention. 1In Fig. 3,
reference numeral 21 is a liquid crystal cell in which two-
substrates are adhered to each other by a sealing material,
an injecting port 22 is formed in the center of the upper
side, and a liquid crystal injection part 23 is formed
therein. The liquid crystal cell 21 is accommodated in a
substrate cassette 24 aﬁd is disposed in a vacuum chamber 25.
Also, the liquid dispenser A in which the liquid crystal B
is filled in the liquid sump part 7 is disposed with a gap
from the liquid crystal cell so that the small tube 5
corresponds to the injecting port 22 of the liquid cryétél
cell 21. The liquid dispenser A is connected to a vertical
movement adjusting motor 26, and contacts with the injecting
port 22 by the vertical movement.

[0023]

Furthermore, a pipe 27 for connecting the inert gas
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introducing tube 4 of the liquid dispenser A with an inert
gas bomb (not shown) containing gas such as nitrogen gas and
a vacuum pump 28 is installed and various valves are
disposed in the path of the pipe 27. That is, V-1 is an
inert gas introducing valve from the inert gas bomb to the
inert gas introducing tube 4 and V-6 is a gas flow rate
adjusting valve. V-2 is an adjusting valve for equalizing
the pressure of the dispenser A and the pressure of the
vacuum chamber 25, V-3 is a preliminary tank valve, and V-4
is a preliminary tank back pressure valve. Also, V-5 is
»atmospheric_opening valve used for returning the pressure
condition of the dispenser A to the atmospheric pressure, 29
is a pirani vacuuﬁ gauge for measuring vacuum level, and 30
is a pressure gauge.

[0024]

Further, V-7 and V-8 are valves for adjusting the
introduction and discharge of the inert gas when the inside
of the vacuum chamber 25 to the atmospheric pressure. V-9
is an adjusting valve used when vacuumizing the' vacuum
-chamber 25 by the vacuum pump 31, and 32 and 33 are a pirani
vacuum gauge and a pressure gauge adhered in the vacuum
chamber 25, respectively. Alsé, 34 is an optical sensor
which is located between the injecting port 22 of the liquid
crystal cell 21 and the small tube 5 of the liquid dispenser

A, for controlling the dropping quantity of the liquid
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crystal. The sensor 34 and each of the adjusting valves are
connected to a control device (not shown) for controlling
the pressure conditions of the dispenser A and the vacuum
chamber 25 and allowing a predetermined quantity of liquid
crystal to be injected.

[0025]

The liquid crystal injecting method using the liquid
crystal injecting device shown in Fig. 3 will be described.
First, the vacuum chamber 25 and the liquid crystal cell 21
are vacuumized by the vacuum pump 31 by opening the valve V-
9. Simultaneously, the liquid dispenser A disposed in the
vacuum chamber 25 is defoamed by opening the valve V-2.
Next, the liquid dispenser A is vacuumized by closing the
valve V-2 and opening the valves V-4 and V-4. After the
vacuum chamber 25 and the liquid dispenser A are vacuumized,
the liquid dispenser A descends by the vertical movement
motor 26. Simultaneously, the inert gas is introduced into
the liquid dispenser A by closing the Valves V-9, v-3, and
V-4 and opening the valves V-6 and V-1 to block the liquid
érystal from beiné dropped from the small tube 5 té the
injecting port 22 of the liquid crystal cell 21. Next, in
order to return the pressure condition of the vacuum chamber
25 to the atmospheric pressure, the inert gas is introduced
by opening the valve V-7 and the liquid crystal injection is

performed.
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[0026]

The liquid crystal injection is performed by repeatedly
performing the steps of opening the valve V-1 to introduce
the inert gas into the liquid dispenser 2, dropping the
liquid crystal from the small tube 5 of the liquid dispenser
A to the injecting port 22 of the liquid crystal cell 21,
detecting one drop of the liquid crystal by the optical
sensor 34, closing the valve V-1 and opening the vélve V-3
to adjust the pressure of the liquid dispenser A by the
vacuum pump 28, closing the valve V-3 and opening valve V-1
to introduce the inert gas into the liquid dispenser A to
drop a drop of the liquid crystal.

[0027]

According to the liquid dispenser A according to the
present invention which performs the liquid crystal
injection while observing the pressure difference between
the vacuum chamber 25 and the liquid dispenser_A, the
dispenser is siﬁplified in the structure, comparéd with the
‘liquid dispenser using the piston which was suggested by the
present applicant and the producing cost is feduced.
Accordingly, 'a plurality of the dispensers can be used in
the large-sized cell.

[0028]

Although the liquid crystal cell having the injecting

port formed only at the upper side thereof is illustrated in
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Fig. 3, the liquid crystal cell 21 having the injecting
ports 22 and 22a formed at the upper side and the lower side
thereof may be used so as to accelerate the liquid crystal
injection. In this case; the ligquid crystal is injected
into the cell through the upper injecting port 22 by the
liquid crystal dropping method using the liquid dispenser A
according to the present invention. Also, the liquid
crystal is injected into the cell through the lower
injecting port 22a by the conventional contact method for
disposing a liquid crystal container 42 in which has a
string-shaped body 43 and the liquid crystal 41 is filled in
the vacuum chamber 25 and contacting the lower injecting
port 22a with the string-shaped body 43 under the
atmospheric pressure.

[0029]

Fig. 5 shows a liquid crystal injecting device for
performing a liquid crystal injecting method according to
another embodiment of the present invention, and is
different from the embodiment shown in Fig. 4 in that the
liquid crystal cell 21 having the injecting pdrts 22 and 22a
at the upper and lower sides, the liquid dispenser A for
dropping the liquid crystal to the upper injecting port 22,
and the liquid crystal container 42 for injecting the liquid
crystal through the lower injecting port 22a are disposed in

the different vacuum chambers 25, 25a, and 25b, respectively.
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The vacuum chamber 25 is a liquid crystal injecting chamber,
and the vacuum chamber 25a and 25b are distinguished from
the defoaming chamber. That is, the liquid crystal cell 21
having the injecting ports 22 and 22a at the upper and lower
:sides is disposed in the vacuum chamber 25 which is the
liquid crystal injecting vacuum. Also, the liquid dispenser
A having the same structure and function as the liquid
dispenser shown in Fig. 4 is disposed in the vacuum chamber
25a and the liquid crystal container 42 in which the liquid
crystal is filled is disposed in the vacuum chamber 25b
including a elevator 44.

[0030]

The vacuum chamber 25a having liquid dispenser A
disposed therein and the vacuum chamber 25b having the
liquid crystal container disposed therein are connected to
the vacuum chamber 25 having the liquid crystal cell
disposed therein by gate valves 45. 1In this structure, the
vécuum4chambers are Vaéuumized by fhe vacuum pump 31 to
perfofm the defoaming process. Also, 3la is a ﬁurbo
molecular pump for surely &acuumizing ﬁhe vacuum chamber.25
in which the liquid crystal cell disposed therein. Next,
the gate valve 45 is opened and the liquid dispenser A‘and
the liquid crystal container 42 are moved to the location
corresponding to the upper and lower injecting ports 22 and

22a of the liquid crystal cell in the vacuum chamber 25
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having the liquid crystal cell disposed therein, and the
liquid dispenser A contacts with the upper injecting port 22
by the vertical movement motor 26 as shown in Fig. 3, the
pressure condition of the vacuum chamber 25 is returned to
the atmospheric pressure, the same operation as the
embodiment shown in Fig. 3 is performed to perform the
liquid crystal dropping injection. By contacting the lower
liquid crystal container 42 with the lower injecting port
22a by the elevator 44 and returning the pressure condition
of the vacuum chamber 25 to the atmospheric pressure, the
liquid crystal injection can be performed by the pressure
difference between the inside and the outside of the
substrate and the capillary phenomenon.

[0031]

Fig. 6 shows a liquid crystal injecting device for
performing a liquid crystal injecting method according to
another embodiment of the present invention. In case that
the number of the liquid crystal cells 21 is greater than
that of the embodiment of Fig. 5 or.one liquid crystal cell
has a plurality of injectiﬁg ports 22, 22’, 22a, and 22a’, a
plurality of the liquid dispensers A and a plurality of the
liquid crystal containers are arranged and the same
operation as the embodiment of the Fig. 5 is performed,
thereby easily performing the liquid crystal injection.

[0032]
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Furthermore, this method is not limited to the case
that the liquid crystal cell 21 has the upper and lower
injecting ports as in Fig. 6. This‘method may be performed
even in case of a plurality of substrates having the
injection port only at the upper side of one liquid crystal
cell and a plurality of substrates having a plurality of the
injecting ports only at the upper sides.

[0033]

Also, in case that a plurality, for example, two, of
the injection ports 22 and 22’ are formed in the liquid
crystal cell 21, the front end of the small tube 5 of the
liquid dispenser A is divided into the branch small tubes 5a
to corresponding to the two injecting ports 22 and 22’ as
shown in Fig. 7, and thus the liquid crystal can be
simultaneously injected from the two injecting ports 22 and
22’ by one dispenser A. Thereby, the liquid crystal
injecting time can be shortened.

[0034]

As shown by 22d of Fig. 8, if the width of the
injecting port of the liquid crystal cell 21 is wide, it is
preferable that the small tube having a width equal to or
greater than that of the injecting port 22d is used as the -
small tube of the liquid dispenser A. For example, by
installing three-direction branch small tube 5b of Fig. 8(a),

- a fan-shaped flat tube 16 of Fig. 8(b), or a guide 17 having
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porous or net-shaped bottom 18 of Fig. 8(c) on the front end
of the small tube 5, the liquid crystal can be dropped over
the injecting port 22d and the liquid crystal can be stably
injected. Also, the time of process for injecting the
liquid crystal into a large-sized liquid crystal cell or a
liquid crystal cell having a narrow gap can be shortened.

{0035]

Fig. 9 illustrates the state of injecting liquid
crystal into a plurality of liquid crystal cells having two
injecting ports 22 and 22’ using the liquid dispenser A
which has the small tube 5 having the branch small tube 5a
and the guide 17 having the porous bottom. By this
structure, in case of injecting the liquid crystal into a
large-sized liquid crystal cell having at least two
injecting ports, as many dispensers as the injecting ports
need not be prepared and the liquid crystal can be
simultaneously injected from a plurality of the injecting
ports using 6ne dispenser. Thus, the productivity is
improved and the producing cost is reduced.

[0036]

In a plurality of the injecting ports, fhe shape of the
tube such as the branch small tube, the fan-shaped flat tube
or the guide or the like may be seleéted according to the
number of the liquid crystal cells or the size of the

injecting port.
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[0037]

Recently, in order to reduce the cost and improve the
productivity of the liduid crystal cell, a method of forming
a plurality of the liquid crystal cells on one glass
substrate has been developed. For example, in case of two
successive cells of Fig. 10 or six successive cells of Fig.
11, the liquid crystal can be easily injected in a short
time using the liquid crystal injecting method and the
dispenser according to the present invention.

[0038]

The liquid crystal injecting method and the dispenser
according to the present invention is not limited to the
liquid crystal injection. That is, the present invention
may be applied to the case of injecting function méterials
having low viscosity into a narrow gap such as several pm.

(0039]

[Advantages]

As mentioned above, the liquid crystal injecting method
according to Claim 1 of the present invention, the loss of
,_fhe liquid crystal can be suppressed to the minimum and the
cost can be reduced. Also, according to Claims 2 and 3, in
addition to the above-mentioned effect, the liquidAcrystal
injecting time can be remarkably shortened and the liquid
crystal can be injected with high precision. According to

Claims 4 to 8, the dropping type liquid crystal injection
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can be performed with high precision by adjusting the
pressure, and the liquid dispenser corresponding to the
number or the sizes of the liquid crystal cells can be
practically used.
[Brief Description of the Drawings]

[Fig. 1]

Fig. 1 is a side view of a liquid dispenser according
to the present invention.

(Fig. 2]

Figs. 2(a) to 2(c) are cross-sectional views of

portions composing the liquid dispenser.
[Fig. 3]

Fig. 3 shows a liquid crystal injecting devicé for
performing a liquid crystal injecting method according to a
first embodiment of the present invention.

[Fig. 4]

Fig. 4 shows a liquid crystal injecting device for
pérforming a liquid crystal injecting method according to
another embodiment of the pfesent invention.

[Fig. 5]

Fig. 5 shows a liquid crystal injecting device for
performing a liquid crystal injecting method according to
another embodiment of the present invention.

[Fig. 6]

Fig. 6 shows a liquid crystal injecting device for
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performing a‘liquid crystal injecting method according to
another embodiment of the present invention.
[Fig. 7] |
Fig. 7 illustrates shapes of an injecting port of a
liquid crystal cell and a small tube of the liquid dispenser.
[Fig. 8]
Fig. 8 illustrates shapes of an injecting port of a
liquid crystal cell and a small tube of the liquid dispenser.
[Fig. 9]
Fig. 9 illustrates the state of injecting liquid
crystal into a plurality of liquid crystal cells having a
plurality of injecting ports by the liquid dispenser
according to the present invention.
[Fig. 10]

Fig. 10 illustrates the shape of the liquid crystal

cell.
[Fig. 11]
» Fig. 11 illustrates the shape of the liquid crystal
cell. » |
[Fig. 12]

Figé.‘12(a) to 12 (c) illustraﬁe a conventional liquid
crystal injecting method.
[Reference Numerals]
A: liquid dispenser

l: dispenser main body
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2: upper cap

3: lower cap

4: inert gas intfoducing tube
5: small tube

5a: branch small tube

5b: three-direction branch small tube
7: 1liquid sump part

9, 10, 12, 14: screw groove
16: fan-shaped flat tube

17: guide

21: liquid crystal cell

22, 22a, 22d: injecting port
25, 25a, 25b: wvacuum chamber

34: optical sensor
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